Introduction
Breast cancer is the most common malignant disease in women and its incidence increases in postmenopausal individuals. 1 Among the postmenopausal patients with advanced breast cancer (ABC; locally advanced or metastatic), the majority are hormone receptor positive (HR+) and human epidermal growth factor receptor type 2 negative (HER2-). [2] [3] [4] At present, endocrine therapy plays a crucial part in HR+/ HER2-ABC. There are three types of commonly used endocrine therapy drugs: selec-
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Zhang et al tive estrogen-receptor modulators, aromatase inhibitors (AIs), and selective estrogen-receptor downregulators. 5 Previous meta-analysis have demonstrated that AIs are more effective than tamoxifen in postmenopausal women with ABC in terms of objective response rate (ORR) and complete response (CR). 6 However, therapeutic options for patients who failed after tamoxifen or AI treatment are unclear. Fulvestrant is a selective estrogen-receptor downregulator different from other endocrine agents. It binds with 100-fold greater affinity than tamoxifen, and in terms of inhibiting estrogen signaling, it is more effective than tamoxifen and AIs. [7] [8] [9] These evidence suggested that it could be a better platform for combination with other targeted pathways. The Phase III EFECT trial showed that fulvestrant loading dose (loading dose is 500 mg on day 0, 250 mg on days 14 and 28, and 250 mg every 28 days thereafter) was as effective as exemestane for postmenopausal women with ABC who have experienced progression or recurrence during treatment with a nonsteroidal AIs. 10 The CONFIRM and FINDER2 trials demonstrated that fulvestrant 500 mg has efficacy superior to fulvestrant 250 mg in treatment for estrogen-receptor positive (ER+) ABC with progression after previous endocrine therapy. [11] [12] [13] Therefore, for patients who experience disease progression after tamoxifen or AI therapy, fulvestrant could be a second-line therapeutic option.
14 Fulvestrant monotherapy was used to treat HR+ ABC patients with good tolerance but limited efficacy. 11, 15 With the application of fulvestrant in HR+/HER2-ABC patients, numerous new targeted agents in combination with fulvestrant are in clinical development, providing therapeutic options for patients with endocrine resistance. For instance, the combination of palbociclib and fulvestrant was associated with greater median progression-free survival (PFS) compared with fulvestrant plus placebo (9.5 vs 4.6 months; hazard ratio [HR] =0.46, 95% CI =0.36-0.59, P<0.0001) for patients with metastatic breast cancer who had progressed on previous endocrine therapy. 15 Furthermore, the Food and Drug Administration approved palbociclib for use in combination with fulvestrant for the treatment of women with HR+/HER2-advanced or metastatic breast cancer with disease progression following endocrine therapy. 16 Undeniably, previous network meta-analysis 17 has compared the efficacy of endocrine-based therapies following progression on nonsteroidal AI in patients with postmenopausal HR+/HER2-metastatic breast cancer. The result strongly demonstrated that in this circumstance, patients who received palbociclib plus fulvestrant, everolimus plus AI, or everolimus plus fulvestrant prolonged PFS compared with those who received fulvestrant or AI alone.
So far, there has been no direct comparison between palbociclib plus fulvestrant vs other targeted therapies plus fulvestrant for patients with HR+ ABC following progression or recurrence on prior endocrine therapy. Thus, a summary of these trials is needed. The purpose of the present study was to perform a network meta-analysis of the existing literature to indirectly compare the efficacy of different targeted agents with fulvestrant as a second-line therapy for HR+/ HER2-ABC.
Materials and methods
Literature and search strategy
The network meta-analysis was designed, and the trial was reported, according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension to network meta-analysis. 18 We searched the titles/abstracts from the following databases inception to June 5, 2018: PubMed, EMBASE, and the Cochrane Library. We used the Medical Subject Headings/ Emtree terms combined with keywords properly adjusted for the different databases in all the search strategies. Detailed information on the search strategies of different databases is provided in Supplementary materials. The network metaanalysis was only restricted to articles of randomized controlled trials (RCTs) published in the English language. For a more comprehensive search strategy and to identify more relevant literature, we manually searched the reference lists of multiple articles, including published meta-analysis and reviews.
selection criteria
Included participants were HR+/HER2-women with ABC who have progressed or recurrence after previous endocrine therapy or targeted therapy. The type of intervention was fulvestrant plus any of the following treatments: palbociclib, abemaciclib, buparlisib, dovitinib, ribociclib, vandetanib, and everolimus, pictilisib, bortezomib, selumetinib, and placebo. Eligible studies were RCTs that assessed the effectiveness of fulvestrant plus any targeted therapy. The main outcomes were PFS and ORR. Studies involving loading dose of fulvestrant (loading dose is 500 mg on day 0, 250 mg on days 14 and 28, and 250 mg every 28 days) were excluded. We also excluded these studies of fulvestrant plus targeted therapy used as adjuvant treatment. If several articles were based on the same trial, then only the most informative study and/or the primary publication of the results was included in the present network meta-analysis.
Two investigators (TT Zhang and FB Feng), working independently, scanned all titles and abstracts, excluding 
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Data extraction and quality assessments
Two authors (CX Zang and WG Zhao) independently extracted the data from eligible studies by using a predefined and standard data form based on Excel spreadsheet. Data were extracted on an intention-to-treat basis. For crossover trials, only first period data were extracted. The information of studies that met the inclusion criteria was extracted as follows: first author's name, year of publication, pathway inhibited, disease stage, characteristics of trial participants (median age, postmenopausal status, HR status, prior endocrine therapy, Eastern Cooperative Oncology Group performance status, median follow-up), type of treatment (type, dose, duration, and frequency), and primary outcomes. The primary outcomes in the present study were PFS and ORR. After extracting all the information, the two authors crosschecked the extracted information to guarantee accuracy of the information.
The quality of studies was evaluated by two authors (Y Yao and WG Zhao) by using the Cochrane Collaboration's tool for assessing risk of bias evaluating six domains 19 : 1) selection bias, 2) performance bias, 3) detection bias, 4) attrition bias, 5) reporting bias, and 6) other bias. The studies were judged as unclear, high risk, or low risk of bias. Two authors independently extracted the data and assessed risk of bias, and any discrepancies between the two authors were resolved by consensus through discussion.
statistical methods
The HR was ultimately utilized for pooling effect sizes because the outcome was time-to-event outcomes. We mainly derived the digitized HR and the corresponding of 95% CI from publications. If the HR is not given in the publications directly, the Engauge Digitizer 4.1 (http://digitizer. sourceforge.net/) is used to extract the survival information from the Kaplan-Meier curve. 20 Additionally, the odds ratio (OR) was utilized for pooling effect sizes for ORR. If only the percentage of ORR is reported in the article, we need to convert it to decimal to carry out four rounds of five entries.
To ensure that all data were normally distributed, we used the log HR for analysis and a Bayesian approach to evaluate efficacy, according to Welton et al. 21 It applies to ORR as well. Furthermore, the model parameter was conducted using the Markov chain Monte Carlo technique with WinBUGS version 1.4.3 (MRC Biostatistics Unit, Cambridge, UK).
The WinBUGS sampler was run with three chains using randomly different chosen initial values for 10,000 iterations after a burn-in of 5,000. According to the Deviance Information Criteria (DIC) value, we selected a fixed model or random model. The smaller the DIC value, the more suitable the model. The summary treatment effect size (HR or OR), as a point estimate, was considered as the median of the posterior distribution, and a 95% credible interval (CrI), which derived from the 2.5 and 97.5 percentiles, was presented. We judged whether it was meaningful or not according to whether the 95% CrI was included. In addition, we adopted the surface under the cumulative ranking (SUCRA) value to rank all treatments. Finally, we used these SUCRAs to determine which is the best treatment. The SUCRA is closer to 100, indicating that it is in the first place. If a loop connecting three arms existed, a node-splitting approach was adopted to assess the inconsistency among direct and indirect evidence.
The risk of bias in individual studies was assessed by Review Manager, version 5.3 (The Nordic Cochrane Centre: The Cochrane Collaboration, Copenhagen, Norway). A network of different interventions was plotted, and the SUCRA was calculated by STATA, version 13.0 (Stata Corporation, College Station, TX, USA).
Results
Overview of the literature search
A total of 2,627 articles were identified, among which 207 records were duplicates. After screening the titles and abstracts, 2,369 studies were discarded because they obviously did not meet the predefined inclusion criteria. By reviewing the full text, we further excluded 41 publications for the following reasons: 17 papers were derived from one study, 1 paper was repetitive, 19 papers did not report relevant outcomes on data, 3 papers used the loading dose of fulvestrant, and 1 paper had no appropriate participants. Furthermore, we obtained an eligible paper by tracking relevant references manually. Ultimately, 11 eligible papers were included in the present study. 15, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] The details of the study selection and the results are shown in Figure 1 .
Characteristics of included studies
All trials were multicenter and only had two groups. The 11 papers included 11 trials and comprised 4,178 patients with advanced or locally advanced or metastatic breast cancer. The majority of trials are compared with placebo plus fulvestrant; however, one 30 studies ranged from 2014 to 2018. The median ages were between 56 and 69 years across all studies. The percentage of ER+/progesterone-receptor positive patients ranged from 10% to 100%. Moreover, regarding the percentage of postmenopausal status, only two papers reported the specific percentage, which ranged from 79% to 83.2%, and the remaining papers did not report the specific percentage. In previous endocrine therapy, the included participants had received AIs and/or tamoxifen therapy. The median PFS is from 2.69 to 20.3 months. The characteristics of the eligible studies are summarized in 
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The assessment of the risk of bias
The risk of bias of individual studies included in the present network meta-analysis is presented in Figure 2 . In general, the included studies were high quality in methodological. The majority of studies had reported random sequence generation. In addition to one study, the remaining studies did not explicitly propose specific ways to allocate concealment. Eight trials were funded by pharmaceutical companies. All included studies did not report selectively.
Network meta-analysis
The evidence network of eligible comparisons is shown in Figure 3 , of which the network of PFS is shown in Figure  3A , and the network of ORR is shown in Figure 3B . The combination of fulvestrant plus placebo was the most frequently investigated regimen (11 comparisons) . This regimen was respectively compared with abemaciclib plus fulvestrant, dovitinib plus fulvestrant, everolimus plus fulvestrant, buparlisib plus fulvestrant, pictilisib plus fulvestrant, palbociclib plus fulvestrant, vandetanib plus fulvestrant, ribocilib plus fulvestrant, bortezomib plus fulvestrant, and selumetinib plus fulvestrant. As is demonstrated in Figure 4 , there is no closed loop. Therefore, consistency check is not performed. PFS was reported as a primary outcome in all 11 studies. The network meta-analysis results were based on a fixedeffect model because there was no significant difference of the DIC between the fixed-effects model (DIC =1.954) and the random-effects model (DIC =2.779). Among which, 
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Efficacy of targeted therapies plus fulvestrant for ABC after progression Table 2 . The SUCRAs for the outcomes of PFS in the network meta-analysis are shown in Figure 4A . Moreover, the size of SUCRA value determined which treatment is the best. Palbociclib plus fulvestrant had the biggest SUCRA (SUCRA =94.2%), suggesting that this regimen may be the optimal treatment in terms of PFS. The second highest percentage of treatment was the combination of abemaciclib and fulvestrant (SUCRA =78.1%), followed by ribociclib plus fulvestrant (SUCRA =75.3%), everolimus plus fulvestrant (SUCRA =66.3%), and dovitinib plus fulvestrant (SUCRA =53.4%). The SUCRAs for the outcomes of ORR in the network metaanalysis are shown in Figure 4B . In terms of ORR, dovitinib plus fulvestrant may be the optimal treatment because it has the biggest SUCRA (SUCRA =84.7%). The ranks of second and third are abemaciclib and fulvestrant (SUCRA =80.6%) and palbociclib plus fulvestrant (SUCRA =73.0%).
Discussion
The use of endocrine therapy for the treatment of HR+/ HER2-postmenopausal women with ABC has been well established. Clinically, resistance to endocrine therapies is also common in HR+/HER2− disease, and most patients inevitably face disease progression. 32 However, for postmenopausal women with HR+/HER2-ABC who previously failed after prior endocrine therapy, the optimal sequence of endocrine treatment remains unclear. Here, we performed a network meta-analysis on the efficacy of the available studies involving different targeted therapy with fulvestrant as a second-line therapy for HR+/HER2-ABC.
According to our network meta-analysis, we derived the following findings in the present analysis: the combination of palbociclib plus fulvestrant significantly improved PFS when compared with fulvestrant plus placebo and abemaciclib plus fulvestrant also improved PFS when compared with fulvestrant plus placebo, but to a lesser degree. However, palbociclib plus fulvestrant had not significantly prolonged PFS comparing with abemaciclib plus fulvestrant. As far as we are concerned, dovitinib plus fulvestrant was more effective than other targeted therapies plus fulvestrant in terms of ORR.
In this case, the combination of endocrine therapy and targeted agents (eg, palbociclib, abemaciclib) to block cell signaling pathways that interact with the ER increased clinical benefits compared with single endocrine therapy. 15, 31, 33 Furthermore, a previous report indicated that estrogen activity and cyclin-dependent kinase (CDK) 4/6/retinoblastoma protein pathway activity are closely related. 34 Palbociclib, a selective CDK4/6 inhibitor, preferentially inhibited the proliferation of ER+ cancer cells in preclinical studies. 35 A Phase III randomized trial indicated that the combination of palbociclib and fulvestrant could be considered as an option for patients with HR+/HER2-ABC who have progressed on prior endocrine therapy. 15 Moreover, in a previous network meta-analysis, we found that the combination of palbociclib plus fulvestrant was associated with longer PFS than single endocrine therapies, such as anastrozole, letrozole, exemestane, and megestrol acetate. 36 Following failure on previous endocrine therapy, many patients are offered chemotherapy as a second-line therapeutic option. 3 However, the combination of palbociclib plus fulvestrant also improved PFS relative to all other chemotherapy treatments. 37 Furthermore, endocrine therapy has a lower toxicity than chemotherapy. But due to the same signal pathway of palbociclib and abemeciclib, they may be no significant difference in prolonging PFS.. 
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In addition, dovitinib plus fulvestrant is more effective than other targeted therapis plus fulvestrant. Dovitinib belongs to a small molecule inhibitor of fibroblast growth factor receptor 1 (FGFR1), FGFR2, and FGFR3. 38 The abnormal regulation of FGF and FGFR signals is associated with oncogenesis activity, 39 increases the risk of developing breast cancer, [40] [41] [42] and is related to the resistance to endocrine therapy. 43 In addition to inhibiting cell proliferation, dovitinib also showed antineoplastic activity in FGFR-amplified xenograft models. 44 This difference in signal transduction pathway may be responsible for the difference between dovitinib and palbociclib on the basis of ORR.
Previous meta-analysis showed that fulvestrant plus targeted therapies showed ORR and PFS benefit in patients with ABC. 45 However, different doses of fulvestrant on the effects of combined therapy were not considered in that study, and as a result, there may be greater heterogeneity. In the present study, we only included trials on high dose of fulvestrant, which ruled out the effect of different doses of fulvestrant on results. Furthermore, in terms of PFS and ORR, we ranked different targeted agents plus fulvestrant to determine the optimal treatment. To our knowledge, there are currently no head-to-head trials evaluating the efficacy of different targeted therapies in combination with fulvestrant in patients who experienced disease progression on prior endocrine therapy. The present network meta-analysis indirectly compared different targeted therapies in combination with fulvestrant. Thus, the present study could provide the higher level of evidence for physicians and patients. The network meta-analysis provided an insight into the use of fulvestrant combined with different targeted agents for patients with HR+/HER2-ABC following failure on prior endocrine therapy. However, there are also several limitations in the present study. First, for all treatment comparisons in the present network meta-analysis, no direct evidence was available and thus, it was impossible to evaluate incoherence (ie, the extent of disagreement between direct and indirect evidence). Second, adverse events of targeted agents varied across trials. The assessment of adverse events is relative to the acceptability of patients, and unfortunately, the collected data did not facilitate an evaluation of the adverse events; thus, the toxicity of the targeted agents was ultimately not evaluated. Third, only a limited number of regimens (n=11) and trials (n=11) were included, and the combination of palbociclib plus fulvestrant has only been reported in one study, thereby weakening the validity of the present analysis.
Conclusion
The present study showed that palbociclib plus fulvestrant may be the optimal treatment for HR+/HER2-postmenopausal women with ABC after disease progression following endocrine therapy. However, direct comparisons are still needed to examine differences among different targeted agents plus fulvestrant.
